ABSTRACT: Zooplankton and ichthyoplankton were sampled in 2 hydrographically different areas on the US Maine coast: Sullivan Harbor in eastern Maine and the Damariscotta estuary in western Maine. Sampling was conducted from late winter to early summer in each area in 1979 and 1980. Phytoplankton chlorophyll concentrations were determined for each area in 1979. Phytoplankton and zooplankton blooms appeared to be coupled and differed in timing between areas in 1979. Timing of peak zooplankton abundances was not appreciably different between areas in 1980, but was earlier in the season than in the previous year. Times of maximum catch rates of dominant larval fish species were closely coupled to plankton dynamics.
INTRODUCTION
Seasonal cycles of zooplankton abundance and species composition in the coastal and offshore waters of the Gulf of Maine have received attention from a number of investigators (Bigelow, 1926; Clarke, 1933 Clarke, , 1934 Redfield, 1939 Redfield, , 1941 Redfield and Beal, 1940; Colton et al., 1962; Sherman, , 1970 Sherman and Perkins, 1971) . Their findings suggest that the cycle follows that of the phytoplankton with a peak in late spring just after the phytoplankton bloom, although at times the zooplankton reaches maximum biomass during summer . The peak in abundance of both phytoplankton and zooplankton occurs earlier in the western Gulf of Maine and spreads gradually to the east with the onset and development of thermal stratification during spring and summer (Bigelow, 1927) .
In contrast to coastal and offshore waters, zooplankton of the inshore embayrnents and estuaries of the Gulf of Maine are known from only a few isolated accounts and the interpretation of differences along the coast is difficult. Willey (1913 Willey ( , 1915 and Legare and McLellan (1960) reported on the zooplankton of the Passamaquoddy Bay area; Lee (1975) and Lee and McAlice (1979a) studied the Damariscotta River estuthe exception of the study by McAlice (1973) the above workers sampled only at monthly or seasonal intervals and used various large mesh nets, hampering intercomparisons between areas.
The ichthyoplankton of the inshore waters of the Gulf of Maine has been documented, but only for estuarine systems and nearby waters in the central area of the Maine coast (Graham and Boyar, 1965; Chenoweth, 1973; Hauser, 1973; Laroche, 1980 Laroche, , 1982 Shaw, 1981; Townsend and Graham, 1981) . Studies in Maine coast and the Gulf of Maine. N. S.: Nova Scotia, Canada each of these estuaries showed that in general the highest catch rates of larval fishes occurred in the spring, which is close to the times of the spring phytoplankton and zooplankton blooms in this region. This paper presents the results of a comparative study of the abundance and species composition of zooplankton and ichthyoplankton as they relate to hydrography and, in Year 1 of the study, phytoplankton biomass, in 2 inshore areas on the coast of Maine sampled from late winter to early summer during 1979 and 1980. The 2 sample areas, the Damariscotta estuary in western Maine and Sullivan Harbor -an embayment in eastern Maine (Fig. 1) -were chosen to represent the hydrographic variation along the Maine coast from west to east (Townsend. 1981 (Townsend. , 1983 .
MATERIALS AND METHODS

Field procedures
Weekly ichthyoplankton samples and biweekly, with some weekly, zooplankton samples were collected from January to July in 1979 and January to May in 1980 in both the Damariscotta estuary and Sullivan Harbor. Details of the study areas and sampling (Townsend, 1981 (Townsend, , 1983 and are summarized here. A 61 cm diameter bongo net frame was used to sample the larval fishes and a 20 cm diameter bongo was used on the same wire to sample the zooplankton (Posgay and Marak, 1981) . The large bongo was fitted with 505 pm mesh nets on each side. In 1979,80 pm mesh nets were used on the small bongo initially but due to problems with net clogging a 165 pm mesh net was placed on one side of the paired bongo after the first 3 mo of sampling. Only 165 pm mesh nets were used on the small bongo in 1980. A single station was sampled in each area with replicate surface and deep tows taken during midday. Temperatures and salinities were measured with a Beckman RS5-3 field salinometer-thermometer. Chlorophyll samples were taken in 1979 only.
Laboratory procedures
Zooplankton settled volumes were determined for all 20 cm bongo samples by allowing each to settle overnight in a graduated cylinder. Because the main sources of plankton sampling variability are generally between net tows, both between and within stations, and the least variability is caused by subsampling in the laboratory (Platt et al., 1970; Lee and McAlice, 1979b) , the zooplankton species composition and abundance deterrninations were made by pooling the replicate samples. The 20 cm bongo samples of the same net mesh size for a particular date and area were combined and the pooled sample was diluted to 10 to 20 times the settled volume. All zooplankton in a 1 m1 aliquot were counted and identified to species, when possible, in a Sedgwick-Rafter cell. All fish larvae from one side of the preserved 61 cm bongo were identified and counted. The chlorophyll a deterrninations were made fluorometrically by the method of Yentsch and Menzel (1963) using the equations of Lorenzen (1966) .
RESULTS
Hydrography
The vertical stability of the water column in each area in 1979 was apparently controlled more by salinity stratification than by temperature (Fig. 2 ). There were marked pulses in increased stability (top to bottom sigma-t differences) in the Damariscotta estuary in early March and early June, and several smaller pulses in Sullivan Harbor in late January, early March, early May, and a large peak in early June of that year. In Table 1 each instance, the peaks in stability were the result of influxes of low salinity surface water. These events were synchronous between areas and most likely represented maxima in freshwater runoff from land into the systems. The average salinities in 1979 were persistently lower in the Damariscotta than in Sullivan. The water temperatures were similar between areas until early March when warming proceeded more rapidly in the Damariscotta; the difference in water temperature was about 1 to 1.5 "C in March.
In 1980, there was very little vertical stability in either area until March (Fig. 2) . It was late March when the water column began to stabilize in the Damariscotta estuary and early April in Sullivan. The differences between surface and deep salinities were very slight in each area, with no significant fresh water additions until late April. However, these salinity differences were still more important than temperature in stabilizing the water column. The water temperatures in the Damariscotta estuary were persistently higher than those in Sullivan Harbor throughout the sampling period. 
Chlorophyll
Chlorophyll a concentrations in 1979 reached peaks in the Damariscotta estuary in late February and early to mid-March followed by lower values and a third peak in May (Fig. 3) . There were 2 peaks in chlorophyll in Sullivan Harbor, in early April and June. The chlorophyll levels in Sullivan Harbor were generally lower than the Damariscotta.
Zooplankton
The estimated abundances and species composition of zooplankton are summarized in Tables 1 to 4 . The tintinnid, Tintinnopsis sp. had the highest peak abundance in the Damariscotta estuary in 1979, reaching its peak abundance on 22 March, as did the other 2 abundant taxa, the rotifer Synchaeta sp. and cirripede nauplii. The species composition in Sullivan Harbor Largrr organlsms such as derapod larvde and chartognalhs were vib~~dlly present In the raw samples bul were no1 adcqualely subsanipled by the S l e~n p l plpelle in 1979 was different from the Damariscotta (Tables 1  and 2 ). The dominant species in Sullivan was the harpacticoid copepod Microsetella norvegica which was at peak abundance on the first sample d a t e , 31
J a n u a r y .
Comparisons of the 1979 and 1980 zooplankton results are complicated by the fact that most of the smaller organisms were undersampled by the 165 pm nets used in 1980. A comparison of the 165 and 80 pm mesh nets is given in Table 5 . In particular, Tintinnopsis s p . , Synchaeta s p . , polychaete trochophore larvae, adult and copepodid M. norvegica, and all copepod nauplii were undersampled in 1980, whereas the adult and copepodid stages of most copepods and cirripede nauplii were sampled more representatively.
The dominant zooplankters in each area,in 1980 were cirripede nauplii (Tables 3 and 4) which reached peak abundances earlier than the previous year. 
Ichthyoplankton
A total of 24 species of larval fishes were caught during this study. The catch rates and seasonalities for all species caught in both sample areas are given in Tables 6 to 9. The dominant species for both the Damariscotta estuary and Sullivan Harbor was Pholis gunnellus. Other dominant species occurring in each area included 3 cottid congeners, Myoxocephalus scorpius, M. aenaeus and M. octodecempspinosus, and the stichaeid Lumpenus lumpretaeformis. These results, for the Damariscotta, are similar to those reported previously for this area (Graham and Boyar, 1965; Chenoweth, 1973; Hauser, 1973; Laroche, 1980 Laroche, , 1982 Shaw, 1981) . A complete discussion of the ecology of the cottid larvae is given by Laroche (1982) .
Although differing somewhat in relative abundances, the late winter larval fish faunas in Sullivan Harbor and the Damariscotta estuary were quite similar. However, they differed considerably in species composition later in the season. In particular, Liparis atlanticus and Ammodytessp. larvae were abundant in Sullivan Harbor, but were only poorly represented in the Damariscotta. Conversely, Osmerus mordax and fall-spawned Clupea harengus larvae were abundant in the Damariscotta and rare in Sullivan Harbor. There are no previously published accounts of the fish larvae from Sullivan Harbor or waters nearby with which to The timing of the late winter-arly spring phytoThe peak abundances of these species, like the zooplankton bloom in 1979 in the Damariscotta estuary plankton, occurred earlier in 1980 than 1979 in each was similar to that reported by Cura (1981) for 1978. He area.
reported that the chlorophyll levels were generally low in February (0.7 to 1.0 pgl-l) and reached a peak on 20 March (3.6 pgl-l). He noted that the bloom that year occurred within 7 d after the average in situ light intensity exceeded 40 ly d-l, and that it was not triggered by a sudden influx of nutrients. Hitchcock and Smayda (1977) reported a similar response in Narragansett Bay to this apparently critical light intensity. This phenomenon may explain the difference in timing of the early phytoplankton blooms between areas in my study. The late February-early March bloom in the Damariscotta in 1979 occurred before any marked influx of freshwater or increase in vertical stability and began as the water temperature was climbing above about 1 "C. In Sullivan Harbor, the late March-early April bloom also occurred as the water temperature increased above 1 "C and did not correspond to any marked increase in vertical stability. It is quite possible that if the 1 to 1.5 CD change in temperature were of only minor importance, that differences in in situ light intensities may have controlled the timing of these blooms. Although not measured in this study, extinction coefficients might have been greater in Sullivan Harbor where, in addition to being shallower than the Damariscotta, the mean tidal range is about 0.5 m greater in Sullivan (3.2 m vs 2.8 m). It could be argued that tidal mixing resulted in a higher suspended partialate load in Sullivan Harbor, and that a greater solar elevation later in the spring was required to give a critical in situ light intensity for a phytoplankton bloom. Bigelow et al. (1940) also reported that the peak in phytoplankton in 'the coastal waters near Mt. Desert Island', which is at the mouth of Frenchman Bay and Sullivan Harbor, generally lags behind the western Gulf of Maine. The times of peak abundances of the major groups of zooplankton common to both sample areas, i.e. postnaupliar copepods, copepod nauplii and cirripede nauplii, are shown in Fig. 3 . It appears that the abundance cycles of these groups in 1979 in the Damariscotta were coupled to that of the phytoplankton. Each group began to increase in numbers in late February, commensurate with rising chlorophyll concentrations. The copepod nauplii and cirripede nauplii, as well as Synchaeta sp. and Tintinnopsis sp. (Table l) , reached maximal abundances at the end of the phytoplankton bloom while the post-naupliar copepods peaked in early March. The abundance curve of cirripede nauplii In 1980 in the Damariscotta was similar in shape to the previous year but occurred earlier in the season, while the abundances of post-naupliar copepods were lower than in the previous year and fluctuated before rising abruptly on the last sample date. Lee (1975) reported that the copepods in the Damariscotta estuary had 2 abundance peaks in 1972, one in early June and the other in August and September, which more closely resembles my results in 1980 than in 1979. The postnaupliar copepod maximum occurred much earlier in 1979 than in 1980 in the Damariscotta, suggesting that year to year variability is quite significant. The abundances of the major groups of zooplankton in Sullivan Harbor in 1979 were relatively high before the phytoplankton bloom there, and were much lower than in the Damariscotta. It is quite possible, however, that grazing pressure early in the season in Sullivan delayed the tlme of and suppressed the phytoplankton bloom.
The post-naupliar copepods in Sullivan Harbor in 1979 were dominated by a single species, Microsetella norvegica, which was most abundant on the first sample date ( Table 2 ). The abundance of this species reached its lowest value on 3 May, but began to increase again until the last sample date on 28 June. September or that the development of the young during summer and fall is sufficiently slow to produce a large population of adults and copepodites in winter. The presence of eggs throughout the 1979 sampling period in my study would suggest that spawning can occur during much of the year. The abundance of this species in 1980 could not be adequately assessed because of the larger mesh nets used that year. As in Damariscotta estuary, cirripede nauplii in Sullivan Harbor appeared earlier in 1980 than in 1979. The late season increase in post-naupliar copepods also occurred earlier in 1980. Although it is commonly accepted that the seasonal cycles of zooplankton and phytoplankton are strongly linked (Cushing, 1959) , it has been demonstrated only rarely (i.e. Toner, 1981) . The abundances of zooplankton in my study appeared to be strongly linked to the phytoplankton in 1979 in the Damariscotta estuary but less so in Sullivan Harbor. Rather, the zooplankton preceded the phytoplankton peak in Sullivan that year. In addition, the timing of peak abundances of zooplankton in each area in 1980 was earlier than the previous year. This was most obvious for the abundant cirripede nauplii. The release of these barnacle nauplii in the spring is usually synchronized with the phytoplankton bloom (Barnes, 1962) , and indeed this appeared to be the case in the Damariscotta in 1979, but they preceded the bloom in Sullivan Harbor. Thus, the earlier appearance of these nauplii in 1980 does not necessarily indicate that the phytoplankton bloom that year was also earlier.
The times of peak abundances of the dominant larval fish species appeared to be coupled to the spring plankton blooms. In 1979 the rises in abundance of the dominant larval fish species occurred 1 to 3 wk earlier in the Damariscotta estuary than in Sullivan Harbor, as did the zooplankton. Also, like the zooplankton, the rises in abundance of the fish larvae occurred earlier in each sample area in 1980 than the previous year. A causative link between the zooplankton abundances and larval fish abundances seems likely. This was examined closely for Pholis gunnellus larvae (Townsend, 1983 ) whose survival and growth appeared to depend upon the dynamics of its planktonic food. The relation in time between the abundances of the dominant fish larvae and the plankton biomass is shown in Fig. 4 --e I _ _ _ ---p ended early and these results were not plotted). These data show that the late-winter early-summer larval fish assemblages occurred in 2 groups in both Damariscotta estuary and Sullivan Harbor, and each group corresponded to distinct pulses in plankton biomass.
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